Background: For iron therapy in hemodialysis patients, intravenous rather than oral administration is recommended.
Background
Anemia is common in hemodialysis patients, and a relative deficiency of erythropoietin (EPO) is the predominant cause [1] . Anemia management in hemodialysis patients was revolutionized by the introduction of erythropoietinstimulating agents (ESAs) in the late 1980s and has become the mainstay of anemia treatment [2] . With the introduction of ESAs, iron deficiency has become an important component of anemia in hemodialysis patients [3] . Although intravenous (IV) iron administration can supply iron to hemodialysis patients irrespective of their condition, this method can enhance the risk of iron toxicity, and associations between high doses of IV iron and cardiovascular disease, infection, hospitalization, and death have been reported [4, 5] . Although oral iron supplementation is supposed to be more physiologic than that by the IV route, several studies have indicated that IV iron is superior to oral iron in hemodialysis patients [6, 7] , and IV administration is widely recommended [8, 9] . Despite the copious evidences regarding the superiority of IV over oral iron for the treatment of anemia, some exceptions exist. In some centers in Canada, the efficacy of oral iron therapy in long-term hemodialysis patients was investigated, with equivalent efficacy between predominantly oral and IV iron administration reported [10] .
Here, we evaluated the effect of oral iron supplementation on anemia by comparing when iron is administered intravenously.
Methods
This study focused on stable hemodialysis patients in Daimon Clinic for Internal Medicine, Nephrology and Dialysis. Patients who had received blood transfusion or iron supplementation within 3 months were excluded. Serum ferritin levels were evaluated every 12 weeks, and 50 mg/day of sodium ferrous citrate was administered if serum ferritin levels were less than 200 ng/ml (less than 100 ng/ml in principle, but also between 100 and 199 ng/ml if serum ferritin levels were never below 100 ng/ml without iron administration for more than 3 months) and hemoglobin levels were less than 12 g/dl. When concomitant hyperphosphatemia was present, instead of sodium ferrous citrate, 1500 mg/day of ferric citrate hydrate was administered. Changes in hemoglobin levels, dose of continuous erythropoietin receptor activator (C.E.R.A.) (administered every 2 weeks) or darbepoetin alfa (every week), and ESA resistance (the ratio of dose of C.E.R.A. or darbepoetin alfa for 4 weeks/hemoglobin (Hb) levels) were compared retrospectively for 28 weeks. As a rule, darbepoetin alfa was administered for patients requiring a low dose (less than 50 μg/4 weeks) of ESA and C.E.R.A. for patients requiring higher doses. In 2012, we changed the iron supplementation policy for our hemodialysis patients from the IV to oral route. All the patients receiving sodium ferrous citrate or ferric citrate hydrate were treated after January 2012, during which period the oral iron supplementation policy was applied. As a reference, data of patients receiving IV iron were collected retrospectively: in 22 of 40 being obtained before we changed the iron supplementation policy for hemodialysis patients from the IV to oral route; in 18 of 40 being obtained from the patients after January 2012 who refused oral iron therapy; had a history of side effects from sodium ferrous citrate; or were suspected of poor drug compliance. As IV iron, 40 mg of ferric oxide saccharate was administered ten times consecutively. Patients with blood transfusion or iron supplementation within 3 months before IV iron therapy was initiated were excluded. Figure 1 shows the study design and Table 1 shows baseline characteristics of the patients. We evaluated the effect of oral iron supplementation on anemia by comparing when iron is administered intravenously. Furthermore, we compared the effect of iron therapy on anemia according to the serum ferritin level: less than 100 ng/ml and between 100 and 199 ng/ml.
Statistical analysis
Data were expressed as mean ± standard deviation. Differences in quantitative variables and categorical variables between three groups were compared by a t test and χ 2 test, respectively. Intergroup comparisons of repeatedly measured data in Fig. 3a -c were examined by repeated measures of analysis of variance (ANOVA). Statistical significance is defined as p less than 0.05. All statistical analyses were conducted using SPSS (version 19, Chicago, IL, USA).
Results
As shown in Fig. 2 , mean hemoglobin levels increased uniformly in each of the IV, sodium ferrous citrate, and ferric citrate hydrate groups. The peak hemoglobin levels were noted at 10, 16, and 10 weeks, respectively, and after that, hemoglobin levels were controlled between 10 and 11 g/dl in each group. The control of hemoglobin levels after the steep increase in hemoglobin levels by iron administration was managed by a reduction of the ESA dose. ESA dose reduction at the end of the study in patients receiving IV iron, sodium ferrous citrate, and ferric citrate hydrate were 12.2, 33.8, and 39.5 %, Fig. 1 Study design. No patients had been given either iron or blood transfusions for more than 3 months before entry, and continuous erythropoietin receptor activator (C.E.R.A.) or darbepoetin alfa was administered every 2 weeks and every week, respectively respectively. To compare the erythropoietic effect of iron administration under the simultaneous changes of hemoglobin levels and ESA dose, we evaluated the ratio of ESA dose for 4 weeks/Hb levels. In the first 10 weeks, ESA/Hb ratio decreased uniformly in the three groups but then started to increase in the IV group, whereas it decreased further in the sodium ferrous citrate and ferric citrate hydrate groups. At the end of study, ESA/Hb reduction ratios in patients receiving intravenous iron, sodium ferrous citrate, and ferric citrate hydrate were 10.3, 34.5, and 37.4 %, respectively (Fig. 3a) . In patients with ferritin levels <100 ng/ml at the beginning of the study (Fig. 3b) , ESA/Hb ratio decreased more by oral than IV iron (p < 0.05). By the multiple comparison of the groups, the ferric citrate hydrate group but not the sodium ferrous citrate group showed a significant tendency to decrease the ESA/Hb ratio as compared with the IV iron group (p < 0.05). In patients with ferritin levels 100~199 ng/ml at the beginning of the study, ESA/Hb ratio did not change with iron administration regardless of whether the IV or oral route was used (Fig. 3c) . Table 2 shows the serum ferritin levels during the study. Serum ferritin levels at 24 weeks were almost the same as compared to those at 12 weeks in the IV iron group, while on the other hand, serum ferritin levels at 24 weeks were higher than those at 12 weeks in the oral iron groups.
Discussion
After the introduction of ESAs for the treatment of hemodialysis patients, iron deficiency became an important underlying component of anemia in hemodialysis patients [3] . Although oral iron supplementation is supposed to be more physiologic than the IV one, oral iron absorption is appreciable when serum ferritin concentration is less than 70 to 100 ng/ml and decreases when this exceeds 300 ng/ml [11] . Numerous studies have evaluated oral iron administration in hemodialysis patients, and overall, oral iron is not superior to IV iron [6, 7, 12] , and thus, IV administration has been recommended [8, 9] . Although, compared with IV iron therapy, there is scarce evidence regarding the efficacy of oral iron for the treatment of anemia in hemodialysis patients, we obtained favorable effects with oral iron therapy. Possible explanations for this discrepancy include the following. In our study, the effectiveness of oral iron was recognized only in patients with serum ferritin levels less than 100 ng/ml at baseline and not in patients with higher ferritin levels. On the other hand, the mean serum ferritin levels in patients receiving oral iron reported by Fishbane et al. [6] and MacDougall et al. [7] were 178.9 and 309 ng/ml, respectively, and the former failed to demonstrate any efficacy of oral iron (ferrous sulfate or iron polysaccharide), while in the latter, although oral iron (ferrous sulfate) could increase hemoglobin levels with almost the same dose of ESA, serum ferritin levels decreased and efficacy was inferior to IV iron. These results indicate that oral iron therapy is effective predominantly in patients with low serum ferritin levels, with 100 ng/ml being a tentative border line to predict the efficacy of oral iron therapy. Ferritin, together with transferrin saturation, is the recommended test to assess iron stores in dialysis patients [13] . IV iron administration is recommended when serum ferritin levels are less than 100 ng/ml in Japan [9] , in contrast to 300 ng/ml in the European Best Practice (ERBP) group [14] and 500 ng/ml in the Kidney Disease: Improving Global Outcomes (KDIGO) [13] . Recently, there has been a tendency to increase the IV iron dose and mean serum ferritin levels of hemodialysis patients in many countries [15] . In the USA, the US Centers for Medicare and Medicaid Services instituted a partially capitated payment system for dialysis services that included both ESAs and IV iron in 2011, which further increased the use of low-cost IV iron and decreased the dose of high-cost ESAs, with the mean serum ferritin concentration exceeding 800 ng/ml in 2013 [16, 17] . A considerable variation in serum ferritin levels in hemodialysis patients is seen in individual countries [15] , 144.49 ± 261.83 ng/ml The difference is statistically significant versus IV iron group (p < 0.005) c
The difference is statistically significant versus IV iron group (p < 0.001) in 2012 in Japan [18] which is the lowest in the countries participating in the Dialysis Outcomes and Practice Pattern Study (DOPPS). Lower ferritin levels in hemodialysis patients in Japan than in those in western countries which are proportional to IV iron dose [15] and low serum ferritin levels (median 72 ng/ml) in hemodialysis patients administered predominantly oral rather than IV iron reported from Canada [10] suggest that without IV iron administration, serum ferritin levels are low in many hemodialysis patients. The fact that with the oral iron supplementation policy which was initiated when serum ferritin levels are less than 200 ng/ml (in majority of them less than 100 ng/ml), 80 % of hemodialysis patients in our clinic receive oral iron also proves this. Although iron is essential for hematopoiesis, the IV route bypasses regulation of iron absorption in the duodenum and intestine. It is speculated that nonphysiologic iron supplementation by IV iron easily increases the plasma nontransferrin-bound iron, which is readily accumulated in the liver and the reticuloendothelial system and increases iron stores. This induces hepcidin synthesis and limits further enteral iron absorption and release of iron from iron stores [19] . In this situation, oral iron therapy is less likely to be effective, which is supposed to be usual in patients receiving high-dose IV iron administration.
As an IV iron therapy, 40 mg of ferric oxide saccharate was administered ten times consecutively in our study, but this represents a relatively small dose and short duration of treatment and this may be the reason why the efficacy of IV iron ceased at around 16 weeks and also may be the reason for the lack of any apparent effect of IV iron in patients with serum ferritin levels 100~199 ng/ml at baseline. In one patient with IV iron therapy, serum ferritin levels were investigated frequently and showed that with a rapid increase in hemoglobin levels, in contrast, serum ferritin levels decreased and returned to the same level before IV iron at 16 weeks (data not shown). Changes in serum ferritin levels during the study (Table 2 ) also suggest the possibility of an insufficient dose of IV iron in this study. Nevertheless, in practice after changing the iron supplementation policy for hemodialysis patients from the IV to oral route, the ESA dose was halved with mean hemoglobin levels kept between 10.0 and 11.0 g/dl (data not shown). This proves the efficacy of oral iron in hemodialysis patients with low serum ferritin levels.
Regarding the study period, compared with our study, the observation periods of Fishbane et al. [6] and MacDougall et al. [7] were relatively short, 4 months and 16 weeks, respectively. Furthermore, Umanath et al. reported that serum ferritin levels increased through week 24, remaining relatively stable thereafter in hemodialysis patients treated with ferric citrate [20] , which is in accordance with the information provided by pharmaceutical companies in Japan; it takes approximately 24 weeks by the time serum ferritin levels reach a plateau in patients receiving ferric citrate hydrate or sucroferric oxyhydroxide (data not shown). In our study, it took 24 weeks by the time ESA/Hb ratio reached plateaus in the oral iron groups (Fig. 3) and serum ferritin levels at 24 weeks were even higher than those at 12 weeks (Table 2 ) consistent with the above results. These results mean that it takes around half a year by the time oral iron exerts its maximum erythropoietic effect, while in patients receiving IV iron therapy, it takes a shorter time.
Our results suggest that for hemodialysis patients with serum ferritin levels less than 100 ng/ml, oral iron therapy can decrease the needed ESA dose which is equivalent or superior to that by IV iron. Moreover, although long-term safe range of serum ferritin levels is not known, oral iron therapy may also help to avoid iron toxicity and reduce the morbidity related to iron overload.
Although usually not severe, oral iron therapy has relatively frequent side effects including nausea, diarrhea, and constipation. From the standpoint of its efficacy as iron supplementation, oral instead of IV iron therapy is warranted for patients with serum ferritin levels less than 100 ng/ml and without side effects induced by oral iron therapy. On the other hand, in patients whose serum ferritin levels are never under 100 ng/ml, the absorption and utilization of oral iron are limited and in this situation, the use of a high dose of IV instead of oral iron may be warranted. However, because of the small number of patients; heterogeneity of distribution of age, sex, and Hb levels between groups; and retrospective nature of our study, our results cannot yet be considered conclusive. But in the meantime, our results suggest that for hemodialysis patients with ferritin levels less than 100 ng/ml, oral iron supplementation is an effective and likely safe method for the treatment of anemia and can decrease the ESA dose and may help to avoid iron toxicity.
Conclusions
Oral iron therapy without the use of IV iron is effective for the treatment of anemia in hemodialysis patients with low serum ferritin levels. 
